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(54) Flame-retardant resin composition and its use 

(57) A 1 lame- retardant composition, comprising: 

(i) 100 parts by weight of a synthetic resin having 70 
to 100% by weight of metaliocene LLDPE, 

(ii) 20 to 100 parts by weight of magnesium hydrox- 
ide having a BET specific surface area of 20 m 2 /g or 
less, an average secondary particle diameter of 5 
fim or less, measured according to a laser diffrac- 
tion scattering method, and a water-soluble sodium 
salt content of 500 ppm or less of sodium, 

(iii) 1 to 20 parts by weight of red phosphorus hav- 
ing an average secondary particle diameter of 30 
nm or less, and 

(iv) 0. 1 to 20 parts by weight of a carbon powder, 

the total of the magnesium hydroxide, the red phospho- 
rus and the carbon powder being 1 20 parts by weight or 
less. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a halogen-free methallocene LLDPE flame-retardant resin composition and 
its use. More specifically, the present invention relates to a flame-retardant resin composition which is obtained by 
improving methallocene LLDPE in flame-retardancy remarkably, which has mechanical strength and a surface-whiten- 
ing resistance sufficient for practical uses and which has a texture equivalent to that of a polyvinyl chloride resin and 
relates to a molded article obtained therefrom. 

10 

Prior Art of the Invention 

[0002] A polyvinyl chloride resin is a synthetic resin which is excellent in flame-retardancy and which is also excellent 
in processabilrty, mechanical strength and texture since the polyvinyl chloride has a halogen in its molecule. However, 
15 it is well known that the polyvinyl chloride resin has a fatal problem, that is, when the polyvinyl chJoride resin is subjected 
to an incineration disposition after the polyvinyl chloride has had no more use, the polyvinyl chloride resin generates 
dioxin at burning unless it is carefully burnt at 800°C or more. Further, the ashes thereof contain Pb, Sb, Ba and the like, 
which have been incorporated as a stabilizer, an additive, etc. So, there have been arguments concerning the disposi- 
tion of the ashes. 

20 [0003] Concerning the dioxin, recently, there is remarkably closed up another problem of an endocrine disrupter 
chemical (environmental hormone) other than the problem of its toxicity. Therefore, the developments of safe tech- 
niques which can be substituted for the polyvinyl chloride resin are strongly demanded in the fields of a flame-retardant 
resin composition and a molded article requiring a flame-retardancy. However, in the fields of halogen-free flame-retard- 
ant resin compositions and molded articles obtained from the halogen-free flame-retardant resin compositions, such as 

25 a thin molded article like a film, it is a reality that there has not yet been proposed a technique which has a flame-retar- 
dancy, mechanical strength, surface-whitening resistance and a texture equivalent to those of the polyvinyl chloride 
resin. 

[0004] Under such a background, methallocene LLDPE has been recently attracting attentions as a halogen-free 
resin to be made flame-retardant, since the methallocene LLDPE can maintain its mechanical strength in a practically 

30 usable range even when a filler such as a metaJ hydroxide is incorporated in a relatively large amount (appropriately to 
an amount of about 1 .2 times by weight of the resin). However, the methallocene LLDPE is a flammable synthetic resin 
having an oxygen index of about 17.5. so that it is impossible to easily convert this resin to a resin composition or a 
molded article having a flame-retardancy, mechanical strength, surface-whitening resistance and a texture equivalent 
to those of the polyvinyl chloride resin, by using only a halogen-free flame-retardant. JPA-9-77917 and JPA-9-77916 

35 publications propose, as a flame-retardant resin composition of methallocene LLDPE. techniques using a metal hydrox- 
ide or red phosphorus. However, these techniques have not yet obtained the above properties equivalent to those of 
the polyvinyl chloride resin. 

[0005] The proposal in JPA-9-77917 publication basically uses only a metal hydroxide as a flame-retardant so that 
the flame-retardancy is insufficient. It is impossible to use the technique of JPA-9-7791 7 for improving the f lame-retar- 
40 dancy of a thin molded article such as a film. The proposal in JPA-9-77916 publication discloses the example using a 
metal hydroxide in combination with red phosphorus. Further, the example using a magnesium hydroxide in combina- 
tion with red phosphorus is also disclosed in it. The technique of JPA-9-77916 is improved in flame-retardancy as com- 
pared with the technique of JPA-9-77917. 

[0006] It is introduced that, owing to this proposal, this flame-retardant resin composition can be used in the field of 
45 materials for covering an electric wire, such as electrical insulating wires or cables. However, there is no description 
about the field of a thin molded article such as a film. Further, this proposition has no description about the average sec- 
ondary diameters of magnesium hydroxide and red phosphorus, the specific surface area of magnesium hydroxide and 
the sodium content of a water-soluble sodium salt. Higher flame-retardancy is required for a thin molded article such as 
a film as compared with a case using a magnesium hydroxide and red phosphorus in an electric wire covering material. 
50 However, JPA-9-7791 6 has no description concerning this fact. 

[0007] When the average secondary particle diameters and the BET specific surface area of magnesium hydroxide 
and red phosphorus are too large, it is impossible to impart sufficient mechanical strength to a molded article and there 
is a problem that the surface of a molded article is rough as a texture. When the particle diameter of red phosphorus is 
too large, there is a problem that the effect of improving flame-retardancy is low. When a sodium content in water-solu- 
55 ble sodium salt contained in the magnesium hydroxide is too large, there is a problem that the surface-whitening phe- 
nomenon of a molded article is prominent, which impairs the appearance of a molded article. The term "surface 
whitening phenomenon" in the present invention refers to the following phenomenon. When a molded article of a mag- 
nesium hydroxide-containing flame-retardant resin composition is placed in the air or in water for a long time, the mag- 
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nesium hydroxide is reacted with carbonic acid gas in the air or carbonic acid in water to form a magnesium carbonate 
type compound, and the magnesium carbonate type compound bleeds on the surface of the molded article. Further, 
light is scattered in pores on the surface of the molded article, which pores are marks of the magnesium hydroxide lost 
by the reaction. These states generate the "surf ace- whitening phenomenon". 
5 [0008] For preventing the surface-whitening phenomenon, a certain effect can be obtained, for example, by surface- 
treating the surface of a magnesium hydroxide with a proper surface-treating agent or by incorporating a fatty acid metal 
salt of alkaline earth, such as magnesium stearate, at a kneading time, while the effect is insufficient. For inhibiting the 
surface-whitening phenomenon fully, it is very important point to diminish the amount of magnesium hydroxide to be 
contained. 

w [0009] As described above, unfortunately, in the field of the halogen-free methallocene LLDPE f lame-retardant resin 
composition, no technique which gives a material having a thickness of a film and having the above-mentioned excel- 
lent properties equivalent to those of polyvinyl chloride is provided under the current circumstances. 

Summary of the Invention 

15 

[001 0] It is an object of the present invention to provide a f lame-retardant resin composition by using only a halogen- 
free f lame-retardant to methalocene LLDPE, which composition can give a sufficient f lame-retardancy to a thin molded 
article like a film, which composition has a texture equivalent to that of a polyvinyl chloride having no sense of stiffness 
or roughness, which composition has no problem in mechanical strength and surface-whitening resistance and which 
20 composition generates no dioxin at burning. 

[001 1 J It is another object of the present invention to provide a molded article obtained from the above resin compo- 
sition. 

[001 2] According to the present invention, there is provided a f lame-retardant resin composition comprising 100 parts 
by weight of a synthetic resin having 70 to 100 % by weight of an ethylene-a-olefin copolymer (methallocene LLDPE 

25 hereinafter) which is produced by using a metallocene catalyst (single site catalyst) and which is substantially in a linear 
state, 20 to 100 parts by weight of a magnesium hydroxide having a BET specific surface area of 20 rrr^/g or less, an 
average secondary particle diameter of 5 urn or less, measured by a laser diffraction scattering method, and a water- 
soluble sodium salt content of 500 ppm or less, as a sodium, 1 to 20 parts by weight of red phosphorus having an aver- 
age secondary particle diameter of 30 um or less and 0.1 to 20 parts by weight of a carbon powder, the total of the mag- 

30 nesium hydroxide, the red phosphorus and the carbon powder being 120 parts by weight or less. 

[0013] According to the present invention, further, there is provided a molded article obtained from the above resin 
composition. 

Detailed Description of the Invention 

35 

[0014] The methallocene LLDPE used in the present invention is an object resin to be made f lame-retardant in the 
present invention. Tbe methallocene LLDPE is an ethylene-a-olefin copolymer wherein the a-olef in is a material (poly- 
mer) having 3 to 12 carbon atoms. Specific examples of the a-olefin include propylene, butene-1, hexene-1. 4-methyl- 
pentene-1, octene-1, decene-1 and dodecene-1. 

40 [0015] In the present invention, for improving the resin composition in f lame-retardancy. synthetic resins having an 
oxygen atom in a molecule structure may be used in an amount of 30 parts by weight or less in 100 parts by weight of 
the synthetic resin content. Examples of the synthetic resins having an oxygen atom in a molecule structure include an 
ethylene-vinyl acetate resin (EVA), an ethylene-ethyl acrylate resin (EEA), a polyvinyl butyral resin (PVB), a polyvinyl 
alcohol resin (PVA), an ethylene acrylic acid copolymer resin, an ionomer resin, a polyamide resin and a polyurethane 

45 resin. 

[0016] For improving mechanical strength or improving flexibility, in the present invention, a polymer alloy compatibi- 
lizing agent may be used in an amount of 30 parts by weight or less in 100 parts by weight of the resin content. 
[0017] Examples of the polymer alloy compatibilizing agent include a maleic anhydride-modified styrene-ethylene- 
butylene resin, a maleic anhydride-modified styrene-ethylene-butadiene resin, a maleic anhydride- modified polyethyl- 

50 ene, a maleic anhydride-modified EPR. a maleic anhydride-modified polypropylene, a carboxyl-modif ied polyethylene, 
an epoxy-modified polystyrene/PMMA, a polystyrene-polyimide block copolymer, a polystyrene-polymethyl methacr- 
ylate block copolymer, a polystyrene-polyethylene block copolymer, a polystyrene-ethyl acrylate graft copolymer, a pol- 
ystyrene-polybutadiene graft copolymer, a polypropylene-ethyl ene-propylene-diene graft copolymer, a polypropylene- 
polyamide graft copolymer and a polyethyl acrylate-polyamide graft copolymer. 

55 [0018] In the present invention, for maintaining the excellent mechanical strength and surface appearance of a 
molded article, there is used a magnesium hydroxide having a BET specific surface area of 20 rrr^/g or less, preferably 
1 to 10 rrr^/g, and an average secondary particle diameter of 5 pm or less, preferably 0.4^m to 2^m, measured accord- 
ing to a laser diffraction scattering method. 
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[0019] For preventing the surface-whitening phenomenon of a molded article, there is used a magnesium hydroxide 
having, as a sodium, a water-soluble sodium salt content of 500 ppm or less, preferably 200 ppm or less, more prefer- 
ably 100 ppm or less. In the present invention, the water-soluble sodium salt content in the magnesium hydroxide can 
be also diminished by the following method. That is, a synthesized magnesium hydroxide or a surface-treated magne- 
5 sium hydroxide is dehydrated and dried fully before drying it or a synthesized magnesium hydroxide or a surface-treated 
magnesium hydroxide is further washed with water after dehydration and then dried. 

[0020] In the present invention, the amount of the magnesium hydroxide to be used is 20 to 1 00 parts by weight, pref- 
erably 40 to 80 parts by weight, per 100 parts by weight of the resin content. When the amount of the magnesium 
hydroxide is less than the lower limit of the above range, the f lame-retardancy is poor. When the amount of the magne- 
to sium hydroxide is larger than the upper limit of the above range, the mechanical strength is insufficient and the texture 
of a molded article threatens to be stiff. 

[0021] The magnesium hydroxide used in the present invention may be a magnesium hydroxide which is surface- 
treated in advance or a magnesium hydroxide which is not surface-treated. When the magnesium hydroxide which is 
not surface-treated is used, the melt index of a resin composition tends to decrease and a molded article tends to show 
15 a surface-whitening phenomenon extremely. Therefore, it is preferred to incorporate a higher fatty acid having at least 
10 carbon atoms, a magnesium salt thereof, a calcium salt thereof, a zinc salt thereof or an aluminum salt thereof and/or 
a coupling agent together with the magnesium hydroxide at a kneading or molding time. The amount to be incorporated 
is preferably 10 parts by weight or less per 1 00 parts of the magnesium hydroxide. 

[0022] Examples of the surface treating agent for the magnesium hydroxide include higher fatty acids having at least 
20 10 carbon atoms, such as stearic acid and palmitic acid, alkali metal salts thereof, amine salts, silane-coupling agents 
such as vinylethoxysilane, vinyl-tris(2-methoxy) silane, gamma-methacryloxypropyltrimethoxysilane, N-phenyl-y-amino- 
propyltrimethoxysilane, gamma-aminopropyttrimethoxysilane, N-p-(aminoethyl>y-aminopropyltrimethoxysilane, beta- 
(S^-ethoxycyclohexyOethyltrimethoxysilane, gamma-glycyloxy-propyltrimethoxysilane and gamma-mercaptopropyltri- 
methoxysilane, titanate-based coupling agents such as isopropyltriisostearoyltitanate, isopropyltris (dioctylpyrophos- 
25 phate)titanate, isopropyltri(N-aminoehtyl-aminoethyl)titanate and isopropyltridecylbenzensulfonyltitanate, aluminum- 
based coupling agents such as acetoalkoxyaluminumdiisopropylate and mono or di ester of orthophosphoric acid and 
a stearyle alcohol, an acid thereof and phosphoric acid-portion esters such as an alkali metal salt. The surface-treating 
agent is used for the surface-treatment in the range of 10 parts by weight or less, per 100 parts by weight of the metal 
hydroxide. The surface-treating agents may be used in combination. The surface- treatment may be carried out by a wet 
30 method or a dry method. 

[0023] In the present invention, there can be used a magnesium hydroxide whose surface is acid-resistance-covered 
with at least one which is selected from the group consisting of a silicon compound, a boron compound and an alumi- 
num compound. In the present invention, fundamentally, the surface-whitening phenomenon can be inhibited at a low 
degree, since the amount of the magnesium hydroxide is small. The surface-whitening phenomenon may be further 

35 inhibited by using an acid-resistance-covered magnesium hydroxide. 

[0024] The acid-resistance-covering agent includes sodium metasilicate, sodium orthosilicate, potassium metasili- 
cate, potassium orthosilicate, liquid glass, sodium tetraborate, sodium metaborate, potassium metaborate, sodium 
orthoaluminate, sodium metaaluminate, potassium orthoaluminate, potassium metaaluminate, aluminum chloride, alu- 
minum nitrate, aluminum sulfate and aluminum phosphate. The acid-resistance-covering agent is used in an amount of 

40 2 parts by weight or less, as a Si, B or Al, per 1 00 parts of the magnesium hydroxide. The thus acid-resistance-covered 
magnesium hydroxide is sometimes additionally treated with the above surface-treating agent such as higher fatty acids 
and the resultant magnesium hydroxide may be used in the present invention. 

[0025] The red phosphorus used in the present invention has an average secondary particle diameter of ZOpm or less, 
preferably 5 *im or less, measured according to a laser diffraction scattering method. There is preferably used a red 

45 phosphorus which is surface-covered for inhibiting the occurrence of phosphine gas due to heating at a burning or 
processing time. Preferred examples of the surface-covered red phosphorus include a thermosetting resin-covered red 
phosphorus, an olefin-covered red phosphorus, a carboxylic acid polymer-covered red phosphorus, a titanium oxide 
thermosetting resin-covered red phosphorus, a titanium-aluminum condensate-covered red phosphorus and a tita- 
nium-cobalt complex hydrated oxide-covered red phosphorus. Since the amount of the red phosphorus to be incorpo- 

50 rated is considerably smaller than that of the magnesium hydroxide, a red phosphorus having a somewhat larger 
average secondary particle diameter than that of the magnesium hydroxide can be used in the present invention. How- 
ever, when the average secondary particle diameter of the red phosphorus is larger than 30 um, a molded article threat- 
ens to be deteriorated in mechanical strength or in effect of f lame-retardancy improvement or the surface of the molded 
article threatens to be rough. Therefore, a red phosphorus having an average secondary diameter of 30^m or less, pref- 

55 erably 15nm or less, more preferably 5^m or less, is used in the present invention. 

[0026] In the present invention, a carbon powder is used for further improving the resin composition in f lame-retar- 
dancy. The carbon powder includes a carbon black, an activated carbon and a black lead. The carbon black is particu- 
larly preferably used since it has a small particle size and is available at a low price. The carbon black includes any 
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products obtained by an oil furnace method, a channel method, a gas furnace method, a thermal method, a lamp 
method, an acetylene method and the like. The amount of the carbon powder to be incorporated is 0.1 to 20 parts by 
weight, preferably 1 to 10 parts by weight, per 100 parts by weight of the synthetic resin component. When the amount 
is larger than 20 parts by weight, a molded article threatens to be deteriorated in mechanical strength. When the 
amount is smaller than 0.1 part by weight, the flame-retardancy tends to be insufficient. The total amount of the mag- 
nesium hydroxide, the red phosphorus and the carbon powder in the present invention is 120 parts by weight or less 
per 1 00 parts by weight of the synthetic resin. When the total amount is larger than 1 20 parts by weight, a molded article 
threatens to be deteriorated in mechanical strength or threatens to have a sense of stiffness as a texture. 
[0027] The f lame-retardant resin composition of the present invention may contain a variety of generally used addi- 
tives, reinforcing agents and fillers within the range where the purpose of the present invention is not impaired. Exam- 
ples of these include an antioxidant, a light stabilizer, an ultraviolet absorber, a thermal stabilizer, a metal inactivating 
agent, a lubricant, a colorant, a blowing agent and a deodorant. 

[0028] The methods of incorporation, addition and molding are not limited about the f lame-retardant rein composition 
of the present invention. The methods may be any one so long as it can uniformly carry out the mixing, the addition and 
the molding. For example, each of the above components and other additives are mixed in advance, and then the mix- 
ture is directly molded. When it can not be directly molded, the mixture is melt-kneaded with a two-screw extruder, a 
single-screw extruder, a Banbury mixer, an oven roll or the like, and then the kneaded mixture is inflation-molded, injec- 
tion-molded, extrusion-molded, blow-molded, press-molded, rotation- molded or calender-molded. Further, the molded 
article of the flame-retardant resin composition, provided by the present invention, may be used after fabrication such 
as stretch processing, emboss processing, coating, printing, plating, perforation or cutting. It may be aJso used with 
affixed to a material other than the flame-retardant resin composition of the present invention, such as a plasterboard, 
wood, a block board, a metal material or stone. 

[0029] The present invention will be explained in detail with reference to Examples hereinafter. In Examples, a BET 
specific surface area, an average secondary particle diameter, a sodium content in water-soluble sodium salt, a tensile 
strength at break, elongation at break, flame-retardancy, surface whitening phenomenon and a texture were measured 
as follows. 

(1) Specific surface area according to a BET method: 

Measured with 12 test specimen automatic measuring device, multi sorb 12, supplied by Yuasa Ionics Co., Ltd. 

(2) Average secondary particle diameter: (magnesium hydroxide, red phosphorus) 

Magnesium hydroxide: 

Measured with a microtrack supplied by Leeds & Nortrup Instruments Company. 
Red phosphorus: 

Measured with a laser diffraction scattering method particle size distribution measuring device, LA-90, supplied 
by Horiba Seisakusho. 

(3) Analysis of sodium of water-soluble sodium salt in magnesium hydroxide: 

1 0 g of magnesium hydroxide was stirred in 100 ml of ion exchanged-water at 30°C for 96 hours, and the eluted 
sodium was measured by an atomic light-absorption method. 

(4) Tensile strength at break; Elongation at break: 

Measured according to J IS K 6760. A film having a thickness of 200 was measured at a test speed of 200 
mm/minute. 

(5) Flame retardancy: 

Measured according to J IS D 1201. A test piece having 100 ^m was used. 

(6) Surface whitening phenomenon 

A test piece having a thickness of 200 *im, a length of 5 cm and a width of 5 cm was completely immersed in 
500 m! of ion-exchanged water and kept in the water at 24°C for 96 hours with introducing carbon dioxide gas into 
the water. Then, the test piece was taken out of the water. Thereafter, the degree of surface whitening of the test 
piece was visually evaluated on the basis of the following ratings. 

Class 1 : No surface whitening phenomenon 

Class 2: A surface whitening phenomenon is observed only slightly. 
Class 3: A surface whitening phenomenon is observed to some extent. 
Class 4: A surface whitening phenomenon is observed on a large area. 
Class 5: A surface whitening phenomenon is observed all over the surface. 

A test piece coming under class 3 to class 1 means that the test piece has the practical capability of preventing 
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the surface whitening phenomenon, and a test piece coming under class 2 to class 1 is particularly preferred. This 
test is an accelerated test of the state where a molded article naturally stands in the air or water. 
(7) Texture of a film article: 

A film having a thickness of 200 was checked for existence or nonexistence of a feel of roughness and a 
5 feel of stiffness by visual observation and touch- 

Example 1 

[0030] Compositions shown in Example 1 in Table 1 were mixed in advance, and the mixture was extruded at 220°C 
10 with a single-screw extruder, to obtain an intimate mixture. The intimate mixture was dried by a hot air for 6 hours at 
1 05°C. Thereafter, a film having a thickness of 1 00 urn and a film having a thickness of 200 \im were obtained therefrom 
by an inflation method at 220°C. These films were measured for a tensile strength at break, elongation at break, f lame- 
retardancy, surface whitening phenomenon and a texture. Table 2 shows the results. 
[0031] The compositions used for Example 1 were as follows. 

15 

Methallocene LLDPE: MFR 1 .0 g/10min, a density of 0.930, a heavy duty package bag grade. 
Oxygen-containing resin: EVA resin having MFR 1 0g/1 Ominutes, a density of 0.94 and a vinyl acetate content of 
15% by weight. 

Polymer alloy compatibilizing agent: "Tuftec M-1943", supplied by Asahi Chemical Industry Co., Ltd. 
20 Magnesium hydroxide: non-surface-treated magnesium hydroxide. 
Magnesium stearate: Supplied by Seido kagakukogyo. 
Red phosphorus: "Novaexcel F-5", supplied by Rinkagaku Kogyo Co., Ltd. 
Carbon Black: FEF, by an oil furnace method. 

Antioxidant: "Irganox 1010", supplied by Ciba Special Chemicals, CO., Ltd. 
25 Light stabilizer: Tinuvin 622 LD H , supplied by Ciba Special Chemicals, CO., Ltd. 

Examples 2 to 5 

[0032] A film having a thickness of 100^m and a film having a thickness of 200jim were prepared from compositions 
30 shown in Examples 2 to 5 in Table 1 in the same manner as in Example 1 . These films were subjected to the same tests 
as in Example 1 . Table 2 shows the results. 

[0033] The magnesium hydroxide used in Example 2 was a magnesium hydroxide which was surface-treated with hot 
water having 80°C and containing 3 % by weight based on the magnesium hydroxide, of stearic acid soda, dehydrated 
fully, then washed with ion exchanged water in an amount of 2 times by weight of the surface-treated product, dried and 
35 pulverized. 

[0034] The magnesium hydroxide used in Example 3 was a magnesium hydroxide obtained as follows. Magnesium 
hydroxide was acid-resistance-covered in hot water of 80°C in the presence of 0.3 % by weight, as Si0 2 , based on the 
magnesium hydroxide, of No.3 liquid glass depolymerized with 1N of hydrochloric acid, and then, further, surface- 
treated with 2 % by weight of stearic acid soda of 80°C. After the surface-treatment, the surface-treated magnesium 
40 product was dehydrated fully, washed with ion exchanged water in an amount of 10 times by weight of the surface- 
treated product, dried and pulverized. 

[0035] The magnesium hydroxide used in Example 4 was surface-treated with 2.5 % by weight of isopropyltriiso- 
stearoyltrtanate in mixed solvents of triethanol amine and water at 80°C After the surface-treatment, the same proce- 
dures as in Example 2 were carried out. 
45 [0036] The magnesium hydroxide used in Example 5 was surface-treated in hot water of 80°C with 2.5 % by weight 
of stearyl phosphoric acid ester diethanol amine salt, the stearyl phosphoric acid ester diethanol amine salt being a mix- 
ture of 50 % by weight of diester of the formula (1) 



50 



55 



O 

li 

(CnH 35 CH 2 -0) 2 P-OHHN (CH 2 CH 2 OH) 2 ( 1 ) 



and 50 % by weight of monoester of the formula (2) 
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C 17 H 35 CH 2 -OP- [OHHN (CH 2 CH 2 OH) 2 ) 2 (2) 



[0037] After the surface-treatment, the same procedures as in Example 2 were carried out. 

[0038] In Examples 2 to 5, the additives other than the magnesium hydroxide were the same additives as those in 
Example 1 and these additives were added in amounts shown in Table 1 . 

Comparative Example 1 to 6 

[0039] A film having a thickness of lOO^m and a film having a thickness of 200 urn were prepared from compositions 
shown in Comparative Examples 1 to 6 in Table 3 in the same manner as in Example 1 . These films were subjected to 
the same tests as in Example 1. Table 4 shows the results. 

[0040] The magnesium hydroxide used in Comparative Example 3 was the same magnesium hydroxide as used in 
Example 1. The magnesium hydroxide was not surface-treated. 

[0041] The magnesium hydroxide used in Comparative Example 4 had a large BET specific surface area and a large 
average secondary particle diameter. The magnesium hydroxide was not surface-treated. 

[0042] The magnesium hydroxide used in Comparative Example 5 was surface-treated in the same manner as in 
Example 2. However, the magnesium hydroxide was directly dried by vaporization without dehydration and pulverized. 
The magnesium hydroxide had approximately the same BET specific surface area and average secondary particle 
diameter as those in Example 2, while the magnesium hydroxide had a larger sodium content of a water-soluble sodium 
salt. 

[0043] The magnesium hydroxide used in Comparative Example 6 was the same magnesium hydroxide as in Exam- 
ple 1. 

[0044] The red phosphorus used in Comparative Example 6 had a large average secondary particle diameter of 
60nm. 

[0045] In Comparative Examples 1 to 6. additives other than the above magnesium hydroxides and red phosphorus 
were the same additives as those in Example 1 and used in amounts shown in Table 3. 
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Table 1 



(compositions, properties of magnesium hydroxide and red phosphorus) 


Composition (parts by weight) 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Methallocene LLDPE 


85 


100 


80 


90 


85 


oxygen-containing resin (EVA) 


6 


0 


5 


10 


0 


Polymer alloy compatibilizing agent 


9 


0 


15 


0 


15 


Magnesium hydroxide 


63 


63 


63 


63 


63 


Magnesium stearate 


1.5 


0 


0.5 


0 


0 


Red phosphorus 


11 


11 


11 


11 


11 


carbon black 


4 


4 


4 


4 


4 


Antioxidant 


0.2 


0.2 


0.2 


0.2 


0.2 


Light stabilizer 


0.2 


0.2 


0.2 


j 0.2 


0.2 


Properties of magnesium hydroxide 


BET specific surface areafrrr^/g) 


6.3 


5.9 


5.8 


4.5 


8.7 


Average secondary particle diameter (^m) 


0.90 


0. 93 


0.93 


1.40 


0.61 


Sodium content of water-soluble sodium salt (ppm) 


30 


100 


60 


30 


40 


Properties of red phosphorus 


Average secondary particle diameter of red phosphorus (nm) 


1.6 


1.6 


1.6 


1.6 


1.6 


Note: Ex. = Example 



30 



35 



40 



45 



50 
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Table 2 





(physical properties of a film article) 


5 




Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 




Tensile strength 
at break 
(kgf/mm 2 ) 


2.30 


2.04 


2.38 


1.95 


2.18 


10 


Elongation at 
break (%) 


540 


480 


550 


490 


500 


15 


Flame retar- 
dancy (JIS D 
1201) 


Self-extinguish- 
ing 


Self-extinguish- 
ing 


Self -extinguish- 
ing 


Self-extinguish- 
ing 


Self-extinguish- 
ing 




Surface whiten- 
ing phenome- 
non (class) 


2 


2 


1 


2 


2 


20 


Texture of a film article 




Sense of rough- 
ness 


No 


No 


No 


No 


No 


25 


Sense of stiff- 
ness 


No 


No 


No 


No 


No 




Note: Ex. = Example 
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Table 3 



(compositions, properties of magnesium hydroxide and red phosphorus) 


Composition (parts by weight) 


CEx.1 


CEx. 2 


CEx.3 


CEx.4 


CEx.5 


CEx .6 


Methaltocene LLDPE 


100 


85 


85 


85 


100 


85 


Oxygen-containing resin (EVA) 


0 


6 


6 


6 


0 


6 


Polymer alloy compatibilizing agent 


0 


9 


9 


9 


0 


9 


Magnesium hydroxide 


0 


0 


150 


63 


63 


63 


Magnesium stearate 


0 


0 


1.5 


1.5 


0 


1.5 


Red phosphorus 


0 


0 


0 


11 


11 


11 


Carbon black 


0 


0 


0 


4 


4 


4 


Antioxidant 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Light stabilizer 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Properties of magnesium hydroxide 


BET specific surface area(m 2 /g) 






6.3 


58 


5.9 


6.3 


Average secondary particle diameter (jim) 






0.90 


6.6 


0.93 


0.90 


Sodium content of water-soluble sodium salt (ppm) 






30 


33 


2,200 


30 


Properties of red phosphorus 


Average secondary particle diameter of red phospho- 
rus (*im) 








1.6 


1.6 


60 


Note: CEx. = Comparative Example 
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Table 4 





(physical properties of a film article) 


5 




L»bX. 1 


UbX.^ 


UbX.o 


OfcX.4 


PC V IT 

otx.o 


OfcX.D 




Tensile strength 


4.00 


4.20 


1.30 


1.28 


1.97 


1.30 




at break 
















(kgf/mm 2 ) 














10 


Elongation at 
break (%) 


640 


670 


200 


100 


470 


150 




Flame retar- 


Flammable 


Flammable 


Flammable 


Self-extinguishing 


Self-extinguishing 


Flammable 


15 


dancy (JIS D 
1201) 
















Surface whiten- 


1 


1 


5 


5 


5 


2 




ing phenome- 
















non (class) 














20 


Texture of a film article 




Sense of rough- 


No 


No 


No 


Found 


No 


Found 




ness 
















Sense of stiff- 


No 


No 


Found 


No 


No 


No 


25 


ness 
















Note: CEx. = Comparative Example 



[0046] As described above, in Examples, there was found no problem in mechanical strength (tensile strength at 
30 break and elongation at break), flame retardancy, resistance to surface whitening phenomenon and texture of a film arti- 
cle. 

[0047] In contrast, in Comparative Examples, problem(s) were found in at least one of the above properties. The dif- 
ferences between Examples and Comparative Examples are apparent. 

35 Effect of the Invention 

[0048] According to the present invention, there is provided a f lame-retardant resin composition by using only a hal- 
ogen-free flame-retardant to methallocene LLDPE. The flame-retardant resin composition shows a sufficient flame 
retardancy even in the field of a thin molded article like a film, has a texture (no sense of roughness or stiffness) equrv- 

40 alent to that of a polyvinyl chloride resin, also has no problem in mechanical strength and resistance to surface whiten- 
ing phenomenon and generates no dioxin at burning. Further, there is provided a molded article obtained from the 
above resin composition. The flame retardant resin composition and the molded article obtained from the resin compo- 
sition, provided by the present invention, are suitably used as a substitute of a polyvinyl chloride resin for a parts mate- 
rial for cars, vehicles, ships, aircraft, construction materials, electrical appliances, sundries, etc., for which the polyvinyl 

45 chloride resin is conventionally used. 

Claims 

1 . A flame-retardant composition, comprising. 

50 

(i) 100 parts by weight of a synthetic resin having 70 to 100% by weight of metallocene LLDPE, 

(ii) 20 to 100 parts by weight of magnesium hydroxide having a BET specific surface area of 20 m 2 /g or less, 
an average secondary particle diameter of 5 or less, measured according to a laser diffraction scattering 
method, and a water-soluble sodium salt content of 500 ppm or less of sodium, 

55 (iii) 1 to 20 parts by weight of red phosphorus having an average secondary particle diameter of 30 nm or less, 

and 

(iv) 0. 1 to 20 parts by weight of a carbon powder. 
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the total of the magnesium hydroxide, the red phosphorus and the carbon powder being 120 parts by weight or 
less. 

2. A composition according to claim 1 , wherein the synthetic resin comprises (a) a resin which has an oxygen atom 
5 in its molecular structure or (b) a polymer alloy compatibilizing agent, the total amount of the said resin (a) or com- 

patibilising agent (b) being 30 parts by weight or less per 100 parts of the synthetic resin. 

3. A composition according to claim 1 or 2, wherein the magnesium hydroxide has a BET specific surface area of 1 to 
10 m 2 /g, an average secondary particle diameter of 0.4 to 2 |im and a water-soluble sodium salt content of 200 

w ppm or less of sodium. 

4. A composition according to anyone of claims 1 to 3. wherein the surface of the magnesium hydroxide is acid-resist- 
ance-coated with at least one compound selected from a silicon compound, a boron compound and an aluminium 
compound. 

15 

5. A composition according to any one of claims 1 to 4, wherein the magnesium hydroxide is surface-treated with at 
least one compound selected from higher fatty acids, a titanate coupling agent, a silane-coupling agent, an alumi- 
nate coupling agent and alcoholic phosphates. 

20 6. A composition according to any one of claims 1 to 5, wherein the average secondary particle diameter of the red 
phosphorus is 5jim or less. 

7. A composition according to any one of claims 1 to 6, wherein the carbon powder is a carbon black. 

25 8. A molded article formed from a composition as claimed in any one of claims 1 to 7. 

9. An article according to claim 8, wherein the molded article is a f lame-retardant film having a thickness of 300jim or 



30 10. An article according to claim 9, wherein the f lame-retardant film shows self extinguishing properties according to 
JIS D 1201 , has a tensile strength at break of at least 1 .5 kgf/mm 2 and elongation at break of at least 450 %. 



35 



40 



45 



50 
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